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Abstract

Introduction: Juvenile idiopathic arthritis (JIA) is the most common chronic rheumatic disorder in chil-
dren. Although methotrexate (MTX) is the first line disease-modifying antirheumatic drug for JIA, many
patients do not respond well or cannot tolerate MTX. The aim of this study was to compare the effect
of combination therapy of MTX and leflunomide (LFN) with MTX in patients who do not respond to MTX.
Material and methods: Eighteen patients (220 years old) with polyarticular, oligoarticular or ex-
tended oligoarticular subtypes of JIA who did not respond to conventional JIA therapy participat-
ed in this double-blind, placebo-controlled, randomized trial. The intervention group received LFN
and MTX for 3 months while the control group received oral placebo and MTX at a similar dose to
the intervention group. Response to treatment was assessed every 4 weeks using the American
College of Rheumatology Pediatric criteria (ACRPed) scale.

Results: Clinical criteria, including number of active joints and restricted joints, physician and patient
global assessment, Childhood Health Assessment Questionnaire (CHAQ38) score, and serum erythrocyte
sedimentation ratelevel, did not differ significantly between groups at baseline and at the end of the 4t
and 8" weeks of treatment. Only the CHAQ38 score was significantly higher in the intervention group at
the end of the 121" week of treatment. Analysis of the effect of treatment on study parameters revealed
that only the global patient assessment score differed significantly between groups (p = 0.003).
Conclusions: The results of this study showed that combining LFN with MTX does not improve clin-
ical outcomes of JIA and may increase side effects in patients who do not respond to MTX.

Key words: leflunomide, methotrexate, juvenile idiopathic arthritis, disease-modifying antirheu-
matic drugs.

Introduction sible cause of short- and long-term disability in chil-
Juvenile idiopathic arthritis (JIA) is the most com- dren [1]. Juvenile idiopathic arthritis has replaced
mon chronic rheumatic disorder in children, last- the former name juvenile rheumatoid arthritis (JRA)
ing > 6 weeks and beginning before 16 years of age [1].  and comprises a heterogeneous group of conditions
Juvenile idiopathic arthritis is also considered a pos-  with an estimated prevalence of 1-4 per 1,000 [1].
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There is no clear treatment for JIA and its etiology is
also unknown. Treatment of JIA is critical because un-
treated JIA can lead to permanent disability of the af-
fected individual due to the complications of this dis-
order. Complications of JIA include joint destruction,
growth failure, and blindness (in a group of patients).

The aim of treatment is to reduce the frequency
of relapse, maintain proper joint function, and pre-
vent progressive damage [2]. In patients suffering from
the systemic form of the disorder the importance of ap-
propriate treatment is even more pronounced. If left un-
treated, systemic JIA leads to multiorgan failure [3, 4].

Contrary to the earlier assumption that JIA activity
is suppressed upon reaching adulthood, recent studies
have shown that in some patients, JIA can persist into
adulthood with periods of relapse and remission [5].
As a result, many JIA patients require endless therapy,
which places a psychological and economic burden on
both families and society.

The therapeutic protocol for JIA has changed signifi-
cantly over time. Significant improvements have been
made in the therapeutic protocol and medications for
JIA over the past decade. Currently, drug therapy for
JIA  includes non-steroidal anti-inflammatory drugs
(NSAIDs), including naproxen and ibuprofen, in addition
to disease-modifying antirheumatic drugs (DMARDS)
and more recently biologic agents [6].

Among DMARDs, methotrexate (MTX) is the first
line drug for JIA. Prescribed at a dose of MTX 6 mg/m?
weekly it is effective in reducing joint related signs and
symptoms in the majority of patients [7, 8]. However, it
appears that many patients do not respond adequately
even to high doses of MTX, and many patients devel-
op tolerance or are unable to continue therapy because
of side-effects.

Some studies have suggested the use of other
drugs in addition to or instead of MTX. One of these
drugs, which is also a DMARD, is leflunomide (LFN) [9,
10]. Leflunomide is converted to its active form in
the human body and competitively inhibits dihydrooro-
tate dehydrogenase (DHODH) to decrease pyrimidine
production.

Although the exact mechanism of action of LFN in
rheumatic disorders is not yet known, it has been used
successfully in adult rheumatoid arthritis (RA) with
equivalent efficacy to sulfasalazine [11]. To the best
of our knowledge, few studies have investigated the ef-
fect of LFN in JIA patients [9, 10, 12-14].

Some of these studies were retrospective, and a few
studies assessed the effects of concomitant administra-
tion of LFN and MTXin JIA patients. Two widely used clin-
ical assessment tools to evaluate treatment response to
treatment in JIA are the American College of Rheumatol-

ogy Pediatric criteria (ACRPed) and Childhood Health As-
sessment Questionnaire (CHAQ38) scores. Both instru-
ments have also been validated and found to be suitable
for clinical trials [15, 16].

The primary ACRPed was based on a 30% improve-
ment in three of six criteria, which was referred to as
the 30%. After the widespread use of ACRPed 30%, 50%,
70%, and 90% were also introduced [15, 17].

The aim of this study was to compare the efficacy
of adding LFN to the conventional treatment regimen
with placebo (conventional treatment only) in JIA in
patients who either did not respond or did not tolerate
MTX.

The basis for choosing LFN for patients in our study
derived from reference books and clinical trials. Several
articles have proposed this drug in the treatment algo-
rithm of JIA [13, 14]. Also in the pediatric rheumatology
reference, Petty 2021, LFN is mentioned for the treat-
ment of JIA.

Material and methods

This study was a double-blind, placebo-controlled,
randomized trial. No changes in methods were made
after the study began. The sampling method used was
purposive non-probability sampling.

Study population

Patients between the age of 2 and 20 years who
were diagnosed with polyarticular or oligoarticular or
extended oligoarticular subtypes of JIA, who were diag-
nosed before the age of 16 years, and who were unre-
sponsive or had side effects to conventional therapy for
JIA, including MTX, were included in this study.

The study population included patients who came
primarily to the rheumatology clinic at Ghaem Hospital,
or to the first author’s private service, or were referred
by the co-authors.

Inclusion criteria

The inclusion criteria for the study are:

1. Children aged 2 to 20 years with a diagnosis of JIA
based on the International League of Association for
Rheumatology Classification of Juvenile Idiopathic
Arthritis (ILAR) diagnostic criteria for JRA.

2. Suffering from polyarticular, extended oligoarticular
and oligoarticular subtypes of JIA.

3. Resistance to conventional therapy of JIA:

 presence of active arthritis despite treatment
with MTX or combination therapies containing
hydroxychloroquine, sulfasalazine, corticoste-
roids in addition to MTX (active arthritis was de-
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fined as the presence of more than two articular
sites with swelling or tenderness or limitation
of range of motion for at least the last 3 months
since onset) or,
« corticosteroid dependence that could not be ta-
pered.
4. The presence of at least 3 joints with swelling or
the presence of at least 3 painful joints with limited
range of motion out of a total of 74 joints examined.

Exclusion criteria

Study exclusion criteria were:

1. Diagnosis of a JIA subtypes other than those listed in
the inclusion criteria.

2. Diagnosis of other rheumatologic conditions that
are collectively associated with JIA.

3. Patients who are unavailable or unable to consent.

4. Treatment with other biologic drugs, including
etanercept, infliximab, or cytotoxic drugs 3 months
prior to study enrollment.

5. Receipt of corticosteroids at a dose greater than
0.25 mg/kg/day 2 weeks prior to enrollment.

6. Receiving intravenous immunoglobulin (i.v. 1g) 2 weeks
prior to study enrollment.

7. Presence of contraindications to the drugs used in
this study, including active severe infections (e.g,
sepsis or pneumonia).

8. Patients with more than a three-fold increase in
serum alanine transaminase (ALT) or bilirubin com-
pared to the upper normal limit, or a white blood
cell count of less than 3,500/ml or a platelet count
of less than 100,000/ml.

9. Patients with a history of macrophage activating
syndrome.

10. Patients with a current diagnosis or history of malig-
nancy.

Blinding and allocation
Interventions

Patients in the intervention group received LFN tab-
lets orally for 3 months. Patients weighing less than
20 kg received 10 mg of LFN every other day. Patients
weighing 20-40 kg received 10 mg of LFN daily, and pa-
tients weighing more than 40 kg received 20 mg of LFN
daily.

Patients in the control group received oral pla-
cebo tablets, equivalent to LFN tablets at the same
dosage as the intervention group. The placebo tab-
lets were manufactured at the Faculty of Pharmacy,
Mashhad University of Medical Sciences. The ingre-
dients of the placebo tablets were starch and lactu-
lose, which had no effect on the results of the study.
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The placebo tablets were manufactured to be visually
similar to the LFN tablets.

Both the placebo and LFN tablets were placed in
completely similar hard paper boxes that were uniquely
coded and were prescribed to patients in each group.
The investigator and patients were blinded to the con-
tents of each box. Leflunomide and placebo tablets were
administered to patients monthly.

In both groups, the conventional treatment with MTX
and other DMARDs (hydroxychloroquine and sulfasala-
zine) was not stopped and their dose was equalized in
both groups. In other words, LFN and placebo were add-
ed to the main treatment. Conventional therapy with
MTX im. or p.o., was administered at a maximum dose
of 6 mg/m? weekly).

Since we were worried about the simultaneous use
of two toxic and complicated drugs in children, we con-
sidered the dose of MTX to be lower in order to replicate
the two groups. Patients in our region also did not toler-
ate high doses.

Patients were not allowed to receive biologic treat-
ments or intra-articular corticosteroids for the duration
of the study.

Outcomes

We evaluated response to treatment using
the ACRPed response scale. American College of Rheu-
matology Pediatric response criteria developed in 1997
became the gold standard for the assessment of re-
sponse to therapy in JIA. The most widely accepted crite-
ria to define an improvement in patient disease course
in response to a therapeutic intervention are ACR crite-
ria developed in 1997.

These criteria are based on the ACR score outcome
variables for juvenile arthritis, namely physician global
assessment of disease activity Visual Analogue Scale
(VAS), parent/patient assessment of overall wellbeing
(VAS), functional ability, number of joints with active
arthritis, number of joints with limited range of mo-
tion (ROM), and erythrocyte sedimentation rate (ESR).
An ACRPed 30 response is defined as at least a 30%
improvement from baseline in three of 6 variables,
with no more than one remaining variable worsening
by > 30%.

At the beginning of the study and at the end of each
month (for a total of 3 months), patients were compre-
hensively examined by a rheumatologist, and the num-
ber of joints with active arthritis, pain, or limited range
of motion was recorded separately for each patient.

The clinical assessment of the patient by the phy-
sician or the patient/parents’ assessment was record-
ed using a VAS. On this scale, the worst clinical situ-
ation is rated as 10 and the best as 0. The patient or
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examiner indicated the score on a 10 centimeter line,
with the best situation representing the beginning
of the line and the worst the end of the line. The scores
were obtained with a ruler.

The most commonly reported adverse reactions to
LFN are diarrhea, elevated liver enzymes, alopecia, and
rash. All patients enrolled in this study were carefully
evaluated for active infections, tuberculosis, and liver
disease.

Therefore, laboratory tests were performed on each
patient at baseline and at each monthly visit, including
complete blood count (CBQ), liver function tests (LFTs),
ESR, C-reactive protein (CRP), serum levels of antinu-
clear antibodies (ANA), lipid profile, and tests for viral
hepatitis as well as urinalysis.

In addition to laboratory tests, a complete medical
history and physical examination were performed to
identify signs and symptoms of possible treatment-re-
lated adverse events. All patients who exhibited signs
or symptoms of possible serious adverse events were
excluded from the study.

Statistical analysis

Statistical analyses were performed with the SPSS
statistical package, version 11.5 (SPSS, Inc., Chicago,
Illinois). Descriptive statistics were used to describe
the characteristics of patients in each group. Categorical
variables were presented as percentages and compared
between two study groups using the ¥? test.

Continuous variables were reported as mean tstan-
dard deviation or median (interquartile range). Consid-
ering the distribution status of continuous variables,
Student’s t-test or the Mann-Whitney U test was used
to compare groups at different time points of the study.

The paired t test was also used to examine the time-de-
pendent variables within the patient groups.

A 2-sided p-value < 0.05 was considered statistical-
ly significant. American College of Rheumatology Pe-
diatric criteria 30% and ACRPed 50% for each patient
were calculated using a formula developed specifically
for these elements based on the 6 clinical criteria as-
sessed in the study between the start of the study and
week 12.

Bioethical standards

This trial was approved by the Ethics Committee
of the Mashhad University of Medical Sciences with
a registration number of 900527. This study is registered
in the U.S. National Institutes of Health Registry of Clin-
ical Trials (http://www.clinicaltrials.gov) with the regis-
tration number of NCT02024334. The parents of all sub-
jects were informed about the details of the study and
signed the study informed consent form.

Results

A total of 20 JIA patients participated in this study
based on the inclusion and exclusion criteria. Patients
were randomly divided into equal groups (n = 10) of in-
tervention (MTX and LFN) and control groups. At base-
line of the study one patient from the intervention group
refused to continue the study and was excluded from
the study.

Intervention was performed on the remaining 19 pa-
tients. During the study, one patient was excluded due
to a more than threefold increase in liver enzymes as
a side effect of treatment. Finally, 18 patients completed
the study.

Table I. Demographic characteristics of the study population

Characteristics Intervention Control p-value
Age [years] 0.199
Mean 10.11 £2.57 12.50 +4.77
Median (IQR) 10.00 (7.5-12.5) 11.50 (10-13.75)
Sex 0.906
Female 7(77.8) 8 (80.0)
Male 2(22.2) 2 (20.0)
Weight [kg] 0.539
Mean 32.89 +11.50 36.30 +£12.15
Median (IQR) 30 (24-42) 40.50 (24-46.25)
Disease duration [months] 0.303
Mean 38.44 +41.48 58.70 +41.59
Median (IQR) 24 (12-52) 68 (18.75-78.0)

IQR — interquartile range.
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Table II. Clinical criteria of patients at the beginning of the study

Characteristics Intervention Control p-value
No of active joints 8.75 £7.94 6.60 £6.34 0.532
4 (4-17.5) 4.50 (3.75-6)
No of limited joints 0.63+0.92 0.60 +0.84 0.953
Global assessments
Physician 7.25 £1.83 6.2 +2.30 0.309
Patient 5.5+1.41 4.1+191 0.104
CHAQ38 score 1.69 +0.23 1.35+0.39 0.047
ESR 32.88 £31.21 28.40 +22.24 0.720
25 (12.5-37.5) 24.5 (8-46.25)

CHAQ38 — Childhood Health Assessment Questionnaire scores, ESR — erythrocyte sedimentation rate.

Table Ill. Clinical criteria at the end of weeks 4, 8 and 12

Characteristics Week Intervention Control Total p-value
No of active joints Week 4 6.50 4.60 5.44 0.392
Week 8 6.12 3.11 4.52 0.111
Week 12 4.75 3 3.77 0.138
No of limited joints Week 4 0.75 0.60 0.66 0.815
Week 8 0.62 0.44 0.52 0.254
Week 12 0.5 0.7 0.61 0.36
Physician’s global Week 4 5.75 4.5 5.05 0.652
assessment Week 8 4 2.77 335 0.560
Week 12 2.87 2.8 2.83 0.721
Patient’s global Week 4 4.87 3.2 3.94 0.240
assessment Week 8 3.62 25 3 0.852
Week 12 2.75 2.7 2.72 0.923
CHAQ38 score Week 4 1.61 1.29 1.43 0.596
Week 8 1.52 1.12 1.30 0.636
Week 12 1.44 1.21 1.31 0.026
ESR Week 4 25.66 15.90 20.52 0.999
Week 8 21.37 21.66 21.52 0.659
Week 12 22.37 19.4 20.72 0.696

CHAQ38 — Childhood Health Assessment Questionnaire scores, ESR — erythrocyte sedimentation rate.

Baseline characteristics

Demographic characteristics of the intervention and
control groups were not statistically different (Table I).
Moreover, the intervention and control groups had a statis-
tically similar disease duration (38.44 and 58.70 months
respectively, p-value = 0.303).

Clinical criteria of patients including number of ac-
tive joints and joints with restricted range of motion,
physician and patient global assessment, as well as
CHAQ38 score and serum ESR level in both groups were
not significantly different at the beginning of the study
(Table 11).
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Although the results of CHAQ38 were significant in
the primary analysis between the two groups without
considering the numerical difference in the duration
of the disease, after adjusting the effect of the duration
of the disease, this difference disappeared (p = 0.08).

Intervention outcomes

The clinical criteria of both groups were not sig-
nificantly different at the end of the 4™ and 8™ weeks
of treatment. However, CHAQ38 score was significantly
higher in the intervention group at the end of the 12t
week of treatment. Other clinical criteria were not sig-
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Table IV. American College of Rheumatology Pediatric 30% and 50% response in leflunomide and placebo groups

Item Intervention Control p-value
Respondents Non-respondents Respondents Non-respondents
ACRPed 30% 4 (50%) 4 (50%) 3 (30%) 7 (70%) 0.630
ACRPed 50% 2 (25%) 6 (75%) 1(10%) 9 (90%) 0.559
ACRPed — American College of Rheumatology Pediatric response.
Table V. Reported side effects at the end of weeks 4, 8 and 12
Side effects End of week 4 End of week 8 End of week 12 p-value
Leflunomide Placebo Leflunomide Placebo Leflunomide Placebo
Gastrointestinal 3 1 2 1 2 1 0.050
p-value* 0.257 0.999 0.999
Liver 0 0 1 0 1 0 0.400
p-value* 0.999 0.999 0.999
Cutaneous 0 0 0 0 0 0 -
p-value* - - -
Comparisons were made using the Monte Carlo test.
*p-value for leflunomide vs. placebo.
nificantly different at the end of the 12t" week of treat-  Discussion

ment (Table Il1).

A general linear model was used to assess the re-
sponsetotreatmentin all patients and whether theinter-
vention and control groups were different. This statistical
analysis evaluated the changes of the above-mentioned
clinical criteria at the beginning, end of week 4, end
of week 8 and end of week 12.

Physician and patient global assessments were
the only variables that showed significant changes
during the study period (p < 0.0001 and p = 0.001); how-
ever, the changes in physician global assessment were
not significantly different between intervention and
control groups (p = 0.137). Although a higher percentage
of patients in the intervention group achieved ACRPed
30% and ACRPed 50%, the differences between groups
were not statistically significant (Table IV).

During the study, 4 patients reported gastrointesti-
nal side effects such as abdominal pain and nausea at
the end of week 4 and 3 patients reported these symp-
toms at the end of weeks 8 and 12 (Table V).

Although more patients reported gastrointestinal
symptoms in the intervention group, the differenc-
es between groups were not statistically significant.
The most noteworthy side effect was a threefold in-
crease in the level of liver enzymes in one patient
in the intervention group at the end of week 8. This
patient was excluded from continuing the study.
The CONSORT diagram presents the sample entry pro-
cess and attrition (Fig. 1).

Juvenile idiopathic arthritis is the most common
chronic inflammatory joint disease among children. It is
associated with various complications including growth
restriction and visual defects. Therefore, prompt treat-
ment of JIA is important [16, 18]. Although MTX is known
as the standard treatment for JIA, there are limited find-
ings regarding the side effects of treatment and the re-
sponse of the disease to this drug [18].

Based on some studies, its administration was as-
sociated with gastric intolerance and hematologic and
hepatic side effects [15]. Leflunomide, also a DMARD,
is recommended in patients with intolerance to MTX.
There are few studies on the efficacy of LFN in JIA. To
our knowledge, the effects of the combination of LFN
and MTX in the treatment of JIA have not been ful-
ly assessed [15]. In this study, we compared the ef-
fect of LFN and MTX with that of MTX and placebo in
the treatment of children with JIA using CHAQ38 and
ACRPed 30% and 50%.

The results of the current study indicated that
the majority of the variables improved in both groups.
However, the improvement was more satisfactory in
the MTX-plus-LFN group than in the control group.
During the assessment periods, the pattern of change
in the markers remained constant in the MTX-plus-LFN
group while the extent of improvement started to de-
crease or reverse in the control group at week 12.

Reumatologia 2023; 61/1
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Enrollment

Assessed for eligibility (n = 30)

Excluded (n = 10)
« Not meeting inclusion criteria (n = 8)

Y

« Declined to participants (n = 1)
 Other reasons (n =1)

Randomized (n = 20)

v

Y | Allocation I Y

Allocated to LFN + MTX (n = 10)

« Received allocated intervention (n = 9)

« Did not receive allocated intervention
(refused to continue the study) (n =1)

Allocated to placebo + MTX (n = 10)
« Received allocated intervention (n = 10)

Y | Follow-up | Y
) B Lost to follow-up (give reasons) (n = 0)
LOSt.tO folt_ow—up_ (give rea_sons) (n=0) Discontinued intervention (side effect
Discontinued intervention (n = 0) of treatment) (n = 1
Y Analysis Y

Analysed (n =9)
Excluded from analysis (n = 0)

LFN — leflunomide, MTX — methotrexate.

Fig. 1. CONSORT diagram on the sample entry process.

However, these changes were not statistically signif-
icant. An exception was the CHAQ38 score at week 12,
which was higher in the intervention group compared to
the control group. This finding was in line with previous
studies in terms of the efficacy of both treatment meth-
ods. Nevertheless, the comparison between the studies
revealed controversial results [12, 14, 19].

In the study by Ayaz [20], 36 patients with JIA, who
were unable to receive MTX due to complications, were
given LFN. In this study, unlike our study, there was no
simultaneous administration of the two mentioned
drugs. The results of this study demonstrated that LFN
remained a valid alternative therapy for MTX intolerance
or toxicity. Unlike our study, this study did not use a con-
trol group.

The best criteria to determine an improvement in
response to a therapeutic strategy are ACRPed criteria.
This criteria are based on physician global assessment
of disease activity, parent/patient assessment of overall
well-being, joint involvement and ESR [21].

The findings of our analysis showed that more
patients in the intervention group achieved ACRPed
30% and 50% than in the control group. Gao et al. [12]
reported that the average clinical improvement rate
in the MTX-plus-LFN group was better than in the MTX
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Analysed (n =9)
Excluded from analysis (n = 0)

group. Similarly, a multicenter study by Silverman et
al. [10] showed that more patients in the MTX group
reached ACRPed 30% at the end of 16 weeks com-
pared to the LFN group. However, they reported no sig-
nificant difference in the improvement index between
groups [10].

The difference in the findings of previous studies
and the current study might be due to the shorter fol-
low-up time and smaller sample size in the current
study. In order to increase treatment efficacy and to as-
sess the primary outcome in JIA, we applied a combina-
tion of MTX and LFN. Although the effect of combination
therapy was more prominent than that of single MTX
treatment, this effect was not statistically significant in
terms of achieving ACRPed 30%.

Our data show that both treatment methods result-
ed inimprovement in patient and physician satisfaction.
However, patients were significantly more satisfied in
the combination group than in the control group.

The percentage of patients who achieved ACRPed
30% was higher in the MTX-plus-LFN group compared to
the MTX group. The high level of response to treatment
in both groups may be due to the fact that patients were
in the early stage of the disease. Therefore, we suggest
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that combination therapy be considered before biologic
therapy due to its effectiveness and safety.

Silverman et al. [10] reported that 52% of the pa-
tients achieved ACRPed 30% after 50 weeks of MTX and
LFN treatment. This was slightly higher than the rate
in the present study. This difference might be due to
the small sample size and the shorter follow-up time in
the latter study. Our findings are in line with a previous
study that reported a significant clinical improvement
with MTX and LFN compared to MTX alone [12].

This coherence was achieved between the studies
regardless of differences in the assessment tools and
inclusion criteria. While the current study included sub-
jective and objective measures in patients with more di-
verse subgroups of JIA, the previous study only assessed
clinical improvement in polyarticular JIA patients [12].

Based on our trial, combination therapy with MTX
and LFN may only cause significantly different per-
ceptions of improvement in patients or their caregiv-
ers compared to conventional MTX therapy. Overall,
these findings were not fully confirmed nor rejected by
the previous investigations due to the heterogeneous
design, assessment and inclusion criteria of the studies.

Another possible reason for the difference in
the findings of the studies might be the small sample
size of the studies. Therefore, there is a need for larger
multi-center trials to assess the effectiveness and safety
of MTX and LFN co-administration in JIA patients.

Adverse effects

The current data revealed that the most common
adverse effect in MTX and LFN co-administration was
gastrointestinal symptoms followed by elevated liver
enzymes. One case of severe side effect, a three-fold in-
crease in liver enzymes, which occurred in the combina-
tion group, resulted in treatment cessation.

Nevertheless, these findings indicated non-signifi-
cantly higher rates of side effects in the MTX and LFN
group compared to the MTX group. Overall these find-
ings demonstrated that the risk for severe side effects
might be higher in combination therapy with MTX and
LFN. In contrast to the findings of the current study,
an additional trial on nearly twice the sample size re-
vealed no side effects [12].

This difference might also be attributed to genet-
ic and racial factors. These findings indicate the need
for further studies with larger sample sizes to assess
the safety of MTX plus LFN therapy in JIA.

Previous reports indicated that the commonly ob-
served side effects of the combination therapy with LFN
and MTX or LFN single therapy included gastritis and
elevated liver enzymes [13, 22]. Elevated liver enzymes

were also reported in patients who received adalimum-
ab and colchicine besides LFN [10, 12].

The elevated liver enzymes resolved 2 weeks after
cessation of LFN [12]. Since our team assessed the side
effects of combination therapy in comparison to MTX
single therapy, the results of the studies could not be
definitely compared.

Study limitations

One of the strengths of this study was the inclusion
of patients with different subgroups of JIA. This design
provides a global picture of the efficacy and safety of MTX
and LFN co-administration in JIA patients.

On the other hand, this diversity resulted in a small
number of cases in each subgroup, which could not be
compared using proper statistical methods. This could
be considered as a limitation of this study, but this study
did not intend to compare the effectiveness of the MTX
and LFN treatment between different subgroups of JIA.

Therefore, it is recommended for further research-
ers to conduct studies on a larger sample of patients
to assess whether JIA subtypes could be predictors for
the effectiveness of combination therapy and incidence
of side effects.

Conclusions

Based on the results of this study, adding LFN to con-
ventional therapy yielded no significant difference in
the outcome of JIA patients compared to MTX monothera-
py. The results of this study also showed that combination
therapy with LFN and MTX might increase side effects.

Therefore, patients treated with the combination
therapy should be closely monitored for liver enzymes.
These findings should be evaluated in larger studies be-
fore generating any recommendation or guideline.
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